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Fig. 1 Allophycocyanin trimer crystal structure

25 ¥ {5 BUF 2% T PDB ¥ J# (http://www1.resb.org/), PDB fi% 4
4F0Us; JK (B2 A S0l 6 5 2 1 A RS54, IR TR (3R 43 75
o € R B 5 R e 2L ARG 1 S e A o A, b B R

B TR T o P, Ry € MR A S TR B A AR ER
o**PCB; B 4 FT1% 4 B**PCB
The structure data is downloaded from the PDB database (http://www]1.rc-
sb.org/), PDB code is 4FQU; the gray spiral represents spiral structure of
allophycocyani; the gray sticks represent pigment molecules; the pink
spiral (B subunit) and the yellow spiral (o subunit) constitute the allophy-
cocyanin monomer; green sticks represent o**PCB; pink sticks represent

p*PCB
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Fig. 2 Steady-state spectra and fluorescence properties of induced bacteria

a. 5 AN ST B4 IR RS DRSO IHUR T B TOE RIS I R 5 b. 175 55 b 6 BRI R A O 1 N5 6 52 59 61 (ExXg15 im)

a. Fluorescence emission pictures of the bacteria before and after induction (green light excitation); b. steady-state absorption and fluorescence

emission spectra (Exg; s ) Of the blue-green bacteria after induction
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B 45 F & 3a fif 7 o 2> d rAPC B (T 0.6 mol/L
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BIAE R, SR A Y rAPC £ 8] 4B R o = B
M, (ER T BE B T LA 3 3 ) 2k L B S A, B
TS IV 5 2 2 A 1% B0 43 BN B B A 2k i —
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Fig. 3 Purification and composition identification of rAPC trimer

a. TAPC HEWE /P 45 1, 1 )2 rAPC (A, T )2 rAPC = {A; b. rAPC = {K; c. rAPC = F{k SDS-PAGE % 14 f1 7k [l

a. TAPC sucrose density separation result, upper rAPC monomer, lower rAPC trimer; b. rAPC trimer; c. SDS-PAGE protein electrophoresis of rAPC trimer
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Fig. 4 Steady-state absorption spectra and fluorescence spectra of rAPC trimer
a. APC BRI = R AR AR S WIBOGIE, S T Jr X e, 64T T 0~ 1 DXL AY I —fL AL BE, 45 €0 1 20 Ol BRSO 35 A — B S 4081, IR (I 2k
RO B 8IE]; b, rAPC SRFN = JRAA BRSO R SO, ST 5 (X L HEAT T 0~ 100 X [B] #y )0 — f AR B
a. The steady-state absorption spectra of rAPC monomer and trimer are normalized in the range of 0—1 for the convenience of comparison, the pink dotted line
is the second derivative diagram of the monomer absorption spectrum, and the gray dotted line is the second derivative diagram of the trimer absorption spec-

trum; b. the steady-state fluorescence emission spectra of rAPC monomer and trimer are normalized in the interval of 0—100 for the convenience of comparison
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Fig. 5 CD spectra of rAPC monomer and trimer

a. tAPC BRI = B4 CD 119 28 HM X %% b. rAPC SRR FI = B4k CD 119 ] W% X ik

a. Circular dichroism spectra of rAPC monomer and trimer in the ultraviolet region; b. circular dichroism spectra of rAPC monomer and trimer

in the visible region
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T 3AF . 648 nm, 635 nm LA K 530 nm., AN, 4
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Fig. 6 Coverage of NOPA pulse and steady-state absorption
spectra of rAPC trimer
NOPA-1. rAPC = Z& A H Ik 8 25 115 il s NOPA-2. rAPC S8 £330
ik w75 535 ¥ R
NOPA-1. rAPC trimer detection pulse coverage; NOPA-2. rAPC

monomer detection pulse coverage

it R, ARSI X rAPC = BAKGEAT T T8 I R I
SEH, [ B E tAPC B R X B2, bk g a5 3
S RE SO EIE I 6 iR . A Tl T 26T
W ST 13 S P A5 90 11 R PR 4 1k A R, TR R AT B
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BB AR TE A SR SL 86 (& 7). b sh
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(3 & S F T AR B 5 i R R R kAR L. R
FEY, 2 = AR B8 B % 5 L 70 pwi/em? B, AOD
ANFJELR AR AL, A v RE R B T 206 i AR e,
K 5 ) J5 252 1) ST A AT, PRI S 5 BT SR FH 1 % g
YN T 40 W/em?,

XoF i ST AR 25 R AT B 12 WG o #E tAPC
FAPRTE 620 nm AbLE Y 3 ANERIZE AT E AL, 435100 (57+
10) fs. (7.4+4.8) ps LA K 400 ps; tTAPC = B K TE 620 nm
A4 3 A I 0] 2 i B, 4 R (19+7) fs. (630+
100) fs LA K% 400 ps; 7E 656 nm &b 48145 i 5 A 5 7] 75 i
B, 4y 0 K (470£100) fs L Kz 400 ps( £ 1), rAPC
PR (57+10) fs FT (7.4+4.8) ps WG4~ ZAi 5 B Ay xof
o7 T B A B PR s L R, X Sa B R LR B T
Vs SR A T O 3 218 - 1 B 3l 77 27 5 ek 1 45 SR A —
e, i rAPC = BAK (19+7) fs LA K (630+100) fs P4
A I BRI S X 8 T = B A B Rl A b R R



O FILBKOBRAT: TR ) A AR P AR DR A A A 1 R

121

a b
0.0184
7=100 fs T=100 fs -
0.0129  2=620 nm /=656 nm .
XS =RIE =
0.012+
2 2
R R
= =
0.006+
0.0064
— LA — &ME
O T T T T 0 T T T T T T
10 20 30 40 0 50 100 150 200 250
RERLES /(W) om™) REELES /(W em™)
P 7 rAPC IR T = B UK Rl i MM
Fig. 7 Excitation energy dependence of rAPC monomer and trimer
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a. The linear fitting of excitation energy in rAPC monomer; b. the linear fitting of excitation energy in rAPC trimer
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Table 1 The fitting constants of rAPC trimer transient absorption dynamics
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Fig. 8 Transients detected of rAPC trimer and monomer
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Fig. 9 Energy transfer dynamics of rAPC monomer and trimer at several delay times
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a. Transient spectral change of rAPC monomers at different time resolutions; b. transient spectral change of rAPC trimers at different time resolutions
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Ultra-fast energy transfer process of recombinant allophycocyanin

Zhen Zhanghe ', Zhu Ruidan??, Qin Song'*, Chen Hailong®, Pu Yang®’, Weng Yuxiang®®, Li Wenjun"*

(1. Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China; 2. University of Chinese Academy of
Sciences, Beijing 100049, China; 3. Beijing National Laboratory for Condensed Matter Physics/Laboratory of Soft Matter Physics, Institute
of Physics, Chinese Academy of Sciences, Beijing 100190, China; 4. Center for Ocean Mega-Science, Chinese Academy of Sciences, Qing-
dao 266071, China; 5. School of Agriculture, Ludong University, Yantai 264025, China)

Abstract: Phycobilisomes are photosynthetic light-harvesting antenna complexes unique to red algae and cyanobac-
teria. Allophycocyanin (APC) is the main component of the core structure of phycobilisomes. In this experiment, re-
combinant allophycocyanin (rAPC) was used as the material, and the structure conformation and energy transfer
process of rAPC were studied through steady-state spectroscopy, circular dichroic spectroscopy, and ultrafast time-
resolved spectroscopy. The results show that rAPC can maintain the same spectral characteristics and active con-
formation as natural APC under the test conditions; after rAPC monomers are assembled into trimer, the results con-
firmed that a84PCB and $84PCB can form an exciton pigment pair which can improve the energy transfer effi-
ciency of the rAPC trimer through exciton splitting; ultrafast time-resolved spectroscopy results show that the en-
ergy transfer time from 620 nm to 650 nm is 300—600 fs, and there is also a 19 fs exciton state electronic decoher-
ence process. These results provide a data basis for revealing the efficient energy transfer mechanism of phycobili-

SOmes.

Key words: allophycocyanin; recombination and heterologous expression; energy transfer; steady-state spectrum; transi-

ent spectrum
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